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ALLOCATING LANDING CALLS IN AN
ELEVATOR GROUP USING A COST
FUNCTION

This application 1s a Continuation of co-pending PCT
International Application No. PCT/FI12004/000632 filed on
Oct. 27, 2004, which designated the United States, and on
which prionity 1s claimed under 35 U.S.C. § 120. This
application also claims priority under 35 U.S.C. § 119(a) on
Patent Application No(s). 20031589 filed in Finland on Nov.
3, 2003. The entire contents of each of the above documents
1s hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to the control of an elevator.
In particular, the invention concerns a method and an
apparatus for controlling an elevator group by allocating
calls by considering a target value of service time and
minmizing energy consumption.

BACKGROUND OF THE INVENTION

Among many different functions, the basic function of
clevator group control 1s call allocation. The aim of alloca-
tion 1s to distribute the calls to be served by the elevator cars
in such a way that one of the indicators describing the
clevator system 1s optimized. Traditionally, the most com-
monly used indicators relate to call times and passenger
waiting times. Typically, the average values of these are
calculated and their distributions are determined. ‘Calls’
refers generally to all calls 1ssued, 1.e. both calls given by
pressing up/down buttons at landings and destination floor
calls given from an elevator car. The former are landing calls
and the latter car calls. In addition, the calls include the calls
needed 1n the so-called destination control method, which
are 1ssued via call mput devices. In the destination control
method, the elevator customer indicates his/her destination
floor to the system already in the elevator lobby via a call
input device, and 1n this case no separate call needs to be
given 1n the elevator car.

There are various call allocation methods, and each eleva-
tor manufacturer have their own methods for implementing,
this function. However, a feature common to these diflerent
methods 1s that they employ a number of parameters char-
acteristic to each method, by means of which the operation
of the method 1s controlled. The control can be so 1imple-
mented that in different traflic situations a set of parameters
suited for the particular situation 1s applied. This 1s designed
to gwe the system a p0881b111ty to adapt to the prevailing
traflic situation, e.g. a peak traflic situation in the building.
In a prior-art control method, a tratlic detector monitors
the operation and state of the elevator system and determines
the prevailing traflic type. The things to be monitored
typically include the calls, the loads of the elevators and the
motional states of the elevators. Depending on the traflic
type detected, a parameter set tailored for this traflic type 1s
introduced. For example, a set of parameters for outgoing
peak traflic may give a greater weight to calls with a lobby
floor as a destination than to calls 1ssued from lobby floors.
During a peak traflic condition, the objective may be to give
a greater weight to mimmizing the traveling time of the
passengers 1n the car. When the aim 1s to minimize two or
more aspects at the same time, this 1s a case of multi-
objective optimization.

A difliculty 1n the above-described prior-art method 1s
how to define the practical values of each parameter set in
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the parameter bank corresponding to diflerent traflic situa-
tions. These parameters are sensitive to things like building
type, number of floors, distribution of passengers between
different floors of the building, number of elevators 1n the
group, and properties of the elevators. In addition, actual
traflic 1n the building varies, the number of elevator users at
different tloors in the bulldmg does not remain constant 1n
the long run, and iaccuracies, detection errors and detection
delays may easily occur in the operation of the traflic
detector.

In practice, the parameter sets stored in the parameter
bank have to be assigned compromise values such that waill
work reasonably well 1n a majority of deliveries without a
need to change the parameters later on site. These parameter
values may have been set e.g. on the basis of simulation
operation or expert experience. It 1s obvious that this kind of
average parameter values do not lead to the best possible
operation the building, elevator group and trailic situation
concerned 1n each case.

Another problem 1n selecting the parameter set on the
basis of tratlic type 1s how to choose the aspects to be
weilghted and how to determine the weighting values. It 1s
possible to find numerous aspects to be optimized, such as
call time, estimated passenger waiting time, riding time and
traveling time, number of stops, car load, number of simul-
taneous car an landing calls, etc. The problem to be solved
1s which one of these aspects should be weighted and to what
degree 1n each traflic situation. I the aspects are selected and
the weighting values are fixed beforehand, then this 1s a
choice made in advance by the designer, which does not
necessarily correspond to the needs of the owner of the
building. On the other hand, if the aspects to be optimized
are not fixed beforchand, the operating personnel of the
building can be considered as being allowed a freedom to
decide for themselves about the weighting 1n different traflic
situations. However, due to the complex nature of the
adjustments and the matter as a whole, this 1s not a reason-
able alternative.

Specification WO 02/066356 discloses a method for con-
trolling an elevator group wherein the energy consumed by
the elevator system 1s minimized so that a desired service
time of elevator passengers 1f fulfilled on an average. In this
method, a given service time of the elevator group 1s
assigned a target value for call allocation. The service time
used may be e.g. call time, passenger waiting time, traveling
time or riding time.

In other words, the control method optimizes two 1ncom-
mensurable quantities of different types, 1.e. waiting time
and energy consumption. In the method according to speci-
fication WO 02/066356, to render these quantities commen-
surable and mutually comparable, the routes R of the eleva-
tors are selected in such a way that the cost term

C=W I pR)+WeENMR) (1)
1s minimized. T,(R) 1s a normalized sum ot call times for
route alternative R and correspondingly E.{(R) 1s normalized
energy consumption for route alternative R. W_.and W, are
the weighting coeflicients of the above-mentioned cost
terms, such that

Individual waiting times are exponentially distributed, but
theirr sum T(R) roughly follows a normal distribution, so
they allow the application of normalization T(R)=(T(R)-
W~ o, Similarly for the energy term E,{R)=(E(R)-u.)/ 0.
The expected values u and mean distributions o are the
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indicators for the whole set of aspects, 1.e. for the route
alternatives for the elevators suited to the current situation.
In practice, since the number of route alternatives increases
exponentially with the number of calls, sample quantities are
resorted to: instead of the expected value, sample mean
values T and E are used, and instead of the mean distribu-
tion, sample mean distributions S, and S, are used. As a
result,

T (R)~(T(R)-T(R")/SHR" and

ENR)~(E(R)-E(R"))/SgR)), (3)
where R' 1s a number of randomly generated route alterna-
tives suflicient to produce reliable estimates for pu and o©.
After the normalization, both optimization targets approxi-
mately follow the distribution N(0,1) and can thus be

summed without problems.

When calls are allocated in this manner, we can distin-
guish 1n the operation of the system two diflerent extreme
situations, 1.e. W.=1 and W =0, and on the other hand W =0
and W_=1. In the first situation, the optimization system
finds such routes for the elevators that the total waiting time
for the calls 1s as short as possible regardless of energy
consumption. In the second situation, the optimization sys-
tem arranges the routes 1n such a way that the elevators will
consume as little energy as possible but the total waiting
time 1s neglected. It can be considered that optimization of
waiting times and optimization of energy consumption are
contrary objectives, because when only one of the objectives
1s optimized, the other objective sullers. Between the afore-
said extreme situations, the operating point can be moved 1n
a sliding manner by selecting the weighting coefllicients W .
and W . 1n accordance with equation (2).

Although there are now only two aspects to be optimized
and by changing the weightings of these 1t 1s possible to
move steplessly from pure waiting time optimization to pure
energy consumption optimization, there remains the difhicult
question of how to define the weighting coeflicients W ~and
W .. The weighting coeflicients should be set on a suitable
basis so that they are applicable to diflerent identified tratlic
types and intensities in the location of the elevator system
concerned. In the prior-art method, the basic aim was to
allocate the calls 1n such a way that a given passenger
service time, such as e.g. waiting time, remains at a certain
average level regardless of the trathic situation and intensity.
By selecting suitable parameters W .- and W .. for each traflic
situation, the set objective regarding waiting time 1s attained.
At the same time, the amount of energy needed for trans-
porting the passengers can be reduced because no unneces-
sary eflfort 1s made to provide faster service to customers
than required by the set waiting time objective.

In the prior-art method, trafl

ic 1dentification and param-
cter sets bound with 1t are eflectively eliminated by methods
known from control system engineering. In control system
engineering, it 1s an objective to control a process 1n such a
way that that the quantity to be controlled remains at its
target value as well as possible. The 1dea 1s to compare the
controlled quantity to a set value and to generate from the
error between these a control quantity that can be used to
direct the operation of the system in the correct direction so
that the error between the set value and the controlled
quantity disappears.

It 1s desirable that the average waiting time of passengers
traveling in the elevator system can be controlled. In prior
art, real-time measurements of this quantity are obtained via
landing call buttons. A call 1s activated when a passenger
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entering the system issues the call, and 1t 1s removed when
the elevator to which 1t was allocated starts decelerating to
the floor and simultaneously resets the call. Individual call
times thus realized are compared to a set target time.

As the results of these individual call time measurements
vary over a wide time range from zero to values as high as
over 90 seconds, the prior-art method uses only the inte-
grating block of the three possible blocks of a PID controller.
The integrating block drives the mean error to zero. In the
control method, a sufliciently long integrating time constant
has to be selected to ensure that an individual measurement
mgmﬁcantly differing from the mean value will not have an
excessive eflect on the control, but the time constant has to
be short enough to allow the system to react to changes
occurring in the tratlic type and intensity.

From the output of the integrating controller, the weight-
ing coeflicient W .. for the optimization ol energy consump-
tion 1s obtained directly. From this i1s further obtained the
weighting coeflicient W for the optlmlzatlon of waltmg
time according to equation (2). It 1s thinkable that, 1n a
situation where the actual measured call time 1s the same as
the target value of call time, call times have been perfectly
optimized without regard to energy consumption. In this
case, the zero value at the controller output 1s also the
welghting coeflicient used for energy consumption. If, for
example, the average of actual call times shifts to a level
lower than the target, 1n other words, 11 the system 1s serving
too well as compared to the target set in optimization e.g.
due to a quieter traflic situation, then the error will become
greater. As a consequence, weighting coeflicient W,
increases and W decreases, so the waiting times indicated
by the waiting time characteristic become longer; in other
words, the significance of energy consumption 1n the selec-

tion of route alternatives increases and the significance of
call times decreases.

The actual allocation of elevators to the calls 1ssued, 1.e.
the calculations for finding the most optimal route alterna-
tive for the elevators of the elevator system are performed by
an optimizer. The optimizer receives as input data the
weighting coetl

icients calculated by the controller. In addi-
tion, the optimizer 1s supplied with information regarding
the position of each elevator 1n the elevator system, whether
the elevator 1s currently transporting passengers, going to
serve a landing call or whether it 1s 1n a rest position. Based
on the motional state and position of the elevators and the
existing calls, the optimizer calculates the value of a cost
function for the possible route alternatives for the elevators
and provides an output giving the control system informa-
tion regarding elevator routing that will mimimize the cost
function. The model of an elevator 1n the elevator system
must obey the same rules of behavior as the actual elevator.

By the prior-art method for controlling an elevator group,
when the target time 1s 20 seconds, 1t 1s possible to are an
energy saving ol 30-40% as compared to pure waiting time
optimization with O seconds as the target time. As the
waiting time target in the prior-art method can be easily
understood and perceived, 1t 1s possible to make a simple
user interface for 1t and the setting of the target waiting time
can even be entrusted to the personnel of the building. It 1s
also possible to create a programmable calendar of waiting
times, allowing different service time targets to be set for
different days of the week and times of the day.

The operation of the prior-art method for controlling an
clevator group can be improved. The problem arises from
the fact that the quantity measured 1n the prior-art method 1s
actual call times. These measured actual call times are very

variable, 1n other words, the standard deviation of call times
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1s relatively large. From this 1t follows that the optimizer 1s
unable to function in the best possible manner. If 1t were
possible to predict with a suflicient accuracy the elevator call
times to appear 1n the near future, then the calculation delays
of the prior-art method could be reduced and therefore the
optimizer could perform the calculations more efliciently. If
additionally the standard deviation of the call times included
in the prediction could be reduced, then the performance of
the optimizer could be improved. These improvements can
be implemented by applying the present invention.

OBJECT OF TH

L1

INVENTION

The object of the present invention 1s to improve the
construction and operation of the prior-art controller and the
optimizer controlled by it and thus to reduce the energy
consumed by the elevator system when the set service time
target 1s fulfilled on an average.

As for the features of the invention, reference 1s made to
the claims.

BRIEF DESCRIPTION OF THE INVENTION

The present mnvention discloses an extension to the eleva-
tor group control method described in specification WO
02/066356. In the method according to the said specifica-
tion, a target value 1s set for a desired elevator passenger
service time. This service time may be e.g. call time,
passenger waiting time, traveling time, riding time or the
mean value of one of the above-mentioned times. In addi-
tion, the target value can be set to be variable according to
times of the day, days of the week and holiday periods. The
control system comprises an optimizer, which selects the
routes for the elevators of the elevator system in such
manner that the service time remains at 1ts target value on an
average while at the same time the energy consumption of
the elevator system 1s at a minimum. In practice, at the edge
condition of fulfilling the average service time, the optimizer
mimmizes a cost function in which a service time term and
an energy consumption term, normalized with set weighting
coellicients, are summed. The actually achieved service
times are measured and compared to the set target value in
an error calculator. The output of the error calculator is
connected e.g. to a PID controller, in which the aforesaid
welghting coeflicient for the energy consumption term 1s
calculated. From this weighting coethicient, 1t 1s further
possible to calculate the aforesaid weighting coeflicient for
the service time term. The weighting coeflicients are sup-
plied to the cost function optimizer. Information regarding
the elevator routes calculated by the optimizer are trans-
terred to the controller of the elevator system.

In the extension of the invention to specification WO
02/066356, the cost function optimizer 1s connected to a
model of the elevator system. By means of this model, it 1s
possible to predict what sort of service times the elevator
system will provide in the near future. Thus, the actual
adjustment can be implemented in an anticipated manner
and a better performance of the cost function optimizer 1s
achieved. Moreover, a service time prediction 1s obtained by
observing active landing calls, and by combining this infor-
mation with the information obtained from the model of the
clevator system 1t 1s possible to estimate an average service
time.

In a comprehensive and orthodox embodiment of the
method of the present invention, all possible route alterna-
tives for the elevators are generated under edge conditions
obtained on the basis of the position and motional state of

5

10

15

20

25

30

35

40

45

50

55

60

65

6

the elevators at the relevant moment and the existing calls.
After this, a cost function with the mean service time for the
route alternative and the energy consumption required by the
route alternative as variables 1s defined. After this, calcula-
tions are carried out to find a set of so-called Pareto-optimal
solutions, all of which are best solutions 1n the sense that
when one solution 1s replaced with another, at least one of
the objectives changes to the worse. The Pareto-optimal set
contains the route alternatives involving the lowest energy
consumption. Finally, the individual route alternative that
will implement the desired average service time 1s selected
from this set. The elevators are allocated to the existing
active calls 1n accordance with the route alternative solution
thus obtained.

As compared to the method according to specification
WO 02/066356, the present invention has the advantage that
the energy consumption can be further reduced due to the
improved performance of the optimizer. The operating costs
incurred by the owner of the building can thus be reduced,

and the maintenance costs of the elevator system are like-
wise reduced.

LIST OF FIGURES

In the following, the mnvention will be described 1n detail
with reference to a few examples and the attached drawing,
wherein

FIG. 1 presents an example of a system in which the
method of the present invention 1s applied,

FIG. 2 presents a block diagram representing the method
of the present invention, and

FIG. 3 presents an example of the internal structure of the
control logic used 1n the ivention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIG. 1 presents an example of a system required by the
present invention. The core of the system 1s a control logic
11, which may be implemented e.g. as a computer program
that can be run on a computer. All the computing functions
relating to the mvention are carried out in the control logic.
A target value of a desired service time 1s 1nput to the control
logic by the operator 10 of the system. In the present
invention, the service time may be e.g. call time, passenger
waiting time, traveling time or riding time. Service time may
also refer to average values of the aforesaid times, such as
¢.g. average call time. Typically, the service time use 1s the
waiting time, which 1s defined as the time interval from the
instant of pressing a landing call button to the arrival of the
clevator. The system naturally comprises at least one eleva-
tor 14. In practice, the movements of the elevators are taken
care of by an elevator controller 13, which receives accurate
information regarding optimized routing of each elevator
from the control logic 11, which calculates the best route
alternative for each elevator 14 in the elevator system 1n
real-time. The system additionally comprises sensors and
other detection means used to measure the current status 12
of the elevator system. These quantities to be measured
include the load of the elevator car, the position and
motional state of each elevator, active landing calls, car calls
and the calls needed for destination control in each elevator
and possibly also the light cell of elevator doors. In addition,
the actual service time selected, 1n this example the passen-
ger waiting time, 1s observed 1n real time.

The primary method according to the present invention,
implemented using a control logic 11, 1s presented as a block
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diagram 1n FIG. 2. The physical components implementing
the method within the control logic are presented 1n FIG. 3.

In block 20, a target value 1s set for the service time. In
the improvement according to the invention, a model of the
clevator system 1s incorporated with the cost function opti-
mizer 1n block 33. This model has been constructed on the
basis of status data 24 detected about the elevator system in
real time to form as close a counterpart of the actual elevator
system of the building 1n question as possible. In addition to
prior-art cost function optimization 235, the model 1s used to
predict-the selected service time 25, such as e.g. waiting
time. In practice, the predicting 1s implemented by observing,
active landing calls, calculating from these the service times
for each landing call by utilizing the model of the elevator
system, and calculating the average value of these service
times. The aforesaid service time 1s predicted continuously
in real time.

The predicted call times obtained from the model of the
clevator system are input to an estimator block 34. The
variation of the predicted values 1s equalized 1n accordance
with equation (4) 1n block 26

f Lk:jé L je— 1"‘(}‘ L1~ M%) G, (4)
where f,, is k” element of the estimator output, f,(x;’) is k”
predicted average call time and G 1s gain of the estimator.
The estimator output 1s compared in an error calculator
(adder) 30 to a preset required service level f,” according to

equation (5), from which an error 21 can be calculated
e =J E._jé Lk (3)

In the present invention, the error 1s fed into a PID
controller 31. The output of the controller 1s obtained by
summing three error terms. The first error term 1s directly
proportional to the input error term, the second error term 1s
directly proportional to the time integral of the mput error
term and the third error term 1s directly proportional to the
time derivative of the mput error term. In the present
invention, on the P and I branches are used, so the output of
the controller 31 can be expressed by the equation

u(t) = up(t) + uy (1) = Gpe(t) + foré'(r)fﬂr, (6)

‘0

where e(t) 1s the error term, G, and G, are the gains of the
P and I branches, respectively, and t, 1s the starting instant
of the time window observed by the controller.

The operation of the control 22 1s designed to bring the
difference between the preset target value 20 (which 1s set by
the operator 10 of the elevator system) and the predicted call
time (which 1s obtained as the output of block 26) to a value
close to zero. The controller should function in such a way
that 1t adapts to both internal changes within the control
process and to external changes. An external change 1s e.g.
long-term variation in the numbers of elevator customers.
An internal change may be e.g. the removal of one of the
clevators from the elevator group for reasons like mainte-
nance.

In the present invention, the next step 1s calculation of the
welghting coellicients 23 for the terms of the cost function.
This 1s done 1n the same way as in the above-described
prior-art method. The controller output provides directly the
welghting coeflicient W, for the optimization of energy
consumption. From this 1s further obtained the weighting
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coellicient W - for the optimization of waiting time accord-
ing to equation (2). These weighting coetlicients are calcu-
lated by calculator 32.

The optimizer 33 minimizes the above-mentioned cost
function 1n such a way that the target service time 1s fulfilled
on an average. The objectives of optimization, which in this
example are waiting time and energy consumption of the
clevator system, are subjected to normalization by a prior-art
technique. After the normalization, both running times and
energy consumption have a zero mean value and a unity
standard deviation. Thus, these quantities of very different
types are rendered commensurable and, weighted by the
calculated weighting coeflicients, they can be summed with-
out problems. The cost function C obtained 1s of the general
form

k (7)
C=) Wi
i=1

"y

where W, 1s the weighting coe
1zed optimization objective. The weighting coe
meet the condition of

icient and ¢, 1s the normal-
ficients must

(8)

and they naturally have to be non-negative numbers.

When the status of the elevator system changes, 1.e. for
instance a new landing call 1s 1ssued from one of the floors,
this means that the elevator routes have to be calculated
anew 1n accordance with the prevailing situation. In other
words, the optimizer has to mimimize the cost function again
for the elevator route alternatives and select from these
routes the one that will minimize the cost function (7).

The mformation regarding the most advantageous eleva-
tor route alternative 27 1s transmitted to the elevator control
section 29 (controller 13 of the elevators), which 1n practice
implements the movements of the elevators 14 according to
the landing calls, car calls, destination control calls and the
optimized route result. From the optimized route, the actual
service time 28 oflered by the elevator system e.g. to each
call can also be calculated or measured.

As the standard deviation of the mean of the predicted
service times 1s substantially smaller than the standard
deviation of the individual measured service times, 1t 1s
possible to improve the performance of the atoresaid con-
troller and optimizer 33. The energy consumption of the
clevator system can thus be reduced to a lower level than 1n
the elevator group control method according to specification
WO 02/066356, yet so that the set target value of the service
time 1s simultaneously fulfilled on an average.

In an extensive and orthodox embodiment of the method
of the invention, all the possible elevator route alternatives
are generated in the optimizer 33 under edge conditions
obtained on the basis of the position and motional state of
the elevators at the relevant moment and the existing calls.
‘Calls’ still refers 1n general to both car calls, landing calls
and destination control calls. After this, a cost function with
the average service time for the route alternative and the
energy consumption required by the route alternative as
variables 1s defined 1n the optimizer 33. These variables are
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vectors 1n which one element represents the serving of one
call 1n the elevator system. Next, the optimizer 33 performs
a search to find a set of so-called Pareto-optimal solutions
wherein individual solutions are all best solutions in the
sense that, when one solution 1s replaced with another, at
least one of the objectives changes to the worse. However,
in no case will all the objectives change to the worse when
two solution in the set of Pareto-optimal solutions are
compared to each other. The solved set of Pareto-optimal
solutions contains the route alternatives involving the lowest
energy consumption. This set comprises route alternatives
representing a number of different average service times.
Finally, the individual route alternative that will implement
the desired average service time 1s selected from the set. The
clevators are allocated to the existing calls 1n accordance
with the route alternative solution thus obtained. This ortho-
dox method requires a high computing capacity. However, 1t
will be possible before long to implement this method at a
reasonable cost because computing capacity 1s continuously
growing rapidly. As the computing capacity imposes limi-
tations at present, the first-described embodiment of the
invention can be regarded as an 1deal example of interactive
cooperation between “optimizer” and “decision-maker” car-
ried on continuously as a function of time.

The mnvention 1s not limited to the embodiment examples
described above; instead, many variations are possible
within the scope of the iventive concept defined in the
claims.

The 1invention claimed 1is:

1. A method for controlling an elevator group, in which
method the calls are allocated by fulfilling a target value of
a desired service time and minimizing the energy consump-
tion, characterized 1n that the method comprises the steps of:
generating possible elevator route alternatives on the basis
of the status of the elevators at the relevant moment and the
existing calls;

a cost function with the service time for the route alter-
native and the energy consumption required by the
route alternative as variables 1s defined;

assigning a target value to a given service time of the
clevator group;

predicting the said service time on a continuous basis 1n
a model of the elevator system;

calculating the difference between the said target value
and the said service time;

calculating a weighting coeflicient for normalized energy
consumption and a weighting coeflicient for a normal-
1zed sum of service times;

summing the normalized sum of service times for the
route alternative considered in the cost function to the
normalized energy consumption caused by the said
route alternative with the calculated weighting coetli-
clents:;

a set of route alternative solutions giving the lowest
energy consumption 1s defined; from the set of solu-
tions thus obtained, the solution that fulfills the desired
service time 1s selected; and

the calls are allocated to the elevators by minimizing the
said cost function so that the given target value of the
service time 1s fulfilled.

2. A method according to claim 1, characterized in that the

method further comprises a step wherein

the service time used 1s call time, passenger waiting time,
traveling time, riding time, average call time, average
passenger waiting time, average traveling time or aver-
age riding time.
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3. Amethod according to claim 1, characterized 1n that the
method further comprises the step of

minimizing the absolute value of the aforesaid diflerence.

4. A method according to claim 1, characterized 1n that the
method further comprises the step of

selecting the aforesaid weighting coeflicients so that their
sum 1s unity.

5. Method according to claim 1, characterized in that the

method further comprises the step of

using information regarding the positions, motional state,
traveling directions and car loads of the elevators 1n the
clevator system as well as information regarding land-
ing calls, car calls and calls given via call input devices
in the minimization of the aforesaid cost function.

6. A method according to claim 1, characterized 1n that the

method further comprises the step of

using information regarding landing calls active at the
relevant moment 1n the predicting of the aforesaid
service time.

7. Amethod according to claim 1, characterized 1n that the

method further comprises the step of

defining the aforesaid target value in such a way that it
will be varniable on the basis of times of the day, days
of the week and/or holiday periods.

8. A system for controlling an elevator group, which
system allocates the calls by fulfilling a target value of a
desired service time and minimizing the energy consump-
tion, said system comprising

at least one elevator;

characterized 1n that the system further comprises:

a generator of elevator route alternatives for generating
possible elevator route alternatives on the basis of the
status of the elevators at the relevant moment and the
existing calls;

an optimizer for defining a cost function, said cost func-
tion having the service time for the route alternative
and the energy consumption required by the route
alternative as variables;

a control logic for settin a target value for a given service
time of the elevator group;

a model of the elevator system for continuous prediction
of the said service time;

an error calculator for calculating the difference between
the said target value and the said predicted service time;

a calculator for calculating weighting coeflicients for a
normalized energy consumption and a normalized sum
of service times;

an optimizer for calculating and optimizing the cost

function, said cost function being the sum of the
normalized sum of service times for the route alterna-

tive 1n question and the normalized energy consump-
tion caused by the said route alternative with the
calculated weighting coetlicients;

an optimizer for defining a set of route alternative solu-
tions giving the lowest energy consumption;

an optimizer for selecting the solution that fulfills the
desired service time from the set of solutions thus
obtained; and

a controller of the elevators for allocating the calls to the
clevators 1n such a way that the atoresaid cost function
1s minimized and the given target value of the service
time 1s fulfilled.

9. A system according to claim 8, characterized 1n that the

system further comprises

a control logic which receives a service time input con-

sisting of call time, passenger waiting time, traveling,
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time, riding time, average call time, average passenger
waiting time, average traveling time or average riding
time.
10. A system according to claim 8, characterized 1n that
the system further comprises
a controller for minmimizing the absolute value of the
aforesaid difference.
11. A system according to claim 8, characterized in that
the system further comprises

a weighting coeflicient calculator, which has been 10

arranged to set the sum of the weighting coetlicients to
unity.
12. A system according to claim 8, characterized 1n that
the system further comprises
means for detecting the state of the elevator system to
allow 1information regarding the positions, motional
state, traveling directions and car loads of the elevators
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in the elevator system as well as information regarding
landing calls, car calls and calls given via call input
devices to be used 1n the minimization of the aforesaid
cost function.

13. A system according to claim 8, characterized in that

the system further comprises
a model of the elevator system, which uses the informa-

tion regarding landing calls active at the relevant
moment 1n the predicting of the aforesaid service time.
14. A system according to claim 8, characterized in that
the system further comprises
a control logic receiving the aforesaid target value as an
input, which 1s defined to be variable on the basis of
times of the day, days of the week and/or holiday
periods.
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